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(57) Abstract 

Multi-purpose facsimile machine (2) which functions as either a telecopier or a photocopier, at the selection of the 
user. The machine (2), when used as a telecopier, eliminates synchronization of transmitting and receiving units by storing 
transmitted data in a memory prior to printing. The facsimile machine (2) includes a linear motor for driving both a print 
head (48) and scan head (38) on a single block. The linear motor includes at least one electrical coil (32, 34, 36) driven 
along at least one lateral guide member (8), formed from interspersed magnetic (68) and non-magnetic (70) materials. By 
selectively energizing the coil, (32, 34, 36) the motor is advanced along its guide member (8) by magnetic interactions. The 
electrostatic print head (48) of the facsimile machine (2) includes at least one thin conductive wire fused into at least one 
glass casing (54) for providing a solid block structure for protecting and supporting the wire. 
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"Multi-purpose Facsimile Machine" 



Technical Field 

The sxibject invention relates to a facsimile 
machine capable of" selectively fxinctioning as a telecopier 

5 or a photocopier. More specifically, the subject 

invention is directed to a facsimile machine which elimi- 
nates the need for synchronization of transmitting and re- 
ceiving units by storing received data in a memory before 
the data is printed; a machine capable of simultaneous 

10 voice and' data transmission over the same telephone line; 
a linear motor having no moving parts for driving both a 
print head and a scan head of the machine on a single 
block by selective magnetic interactions between the motor 
and the guide member; and a print head for the machine 

15 formed by fusing a thin conductive wire in a solid block 
of encapsulating glass . 

State of the Art 

Facsimile machines , such as telecopiers which 
are connected to standard telephone receivers for trans- 

20 mitting or receiving data over telephone lines, are 

generally known to the art. In the known machines , trans- 
mitting and receiving units must be synchronized to enable 
the receiver to print incoming data as it is received. 
Known telecopiers cannot be used as photocopying machines , 

25 and do not provide for simultaneous voice and data 
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transitiissions. The known telecopiers also use relatively 
complex r and thereby es^ensive motors, to drive their moving 
components, such as their print or scan heads. Electro- 
static print heads xised with telecopiers consist of re- 
5 latively thick, unprotected free standing angled wires, 
which generally can print only in one direction and do 
not provide fine printing resolution. 



10 mentioned problems of the known facsimile machines by 

providing a multi-pxirpose facsimile machine which functions, 
at the selection of the user, as either a telecopier re- 
ceiver or transmitter, or as a photocopier. Synchro- 
nization of the transmitter and receiver, when the machine 

15 is used as a telecopier, is eliminated by a memory storage 
device provided in the receiver which stores incoming data 
before printing. The facsimile machine enables simul- 
taneous data and voice transmission by transmitting voice 
and data signals in two separate, mutually exclusive fre- 

20 quency bands. 



motor, which can be used to drive the scan and print heads 
of the facsimile machine, includes at least one electrical 
coil moTinted to a guide member. The guide member includes 

25 both magnetic and non-magnetic areas or inserts inter- 
spersed thereon in sections of predetermined length. By 
selectively energizing the. electrical coil, the resultant 
magnetic interaction between the energized coil and the 
magnetic areas on the guide member, which act like a 

30 solenoid in reverse, advances the coil along the guide 
member • 



motor is used to carry an electrostatic print head, stylus 
and scan head in a facsimile machine. The stylus of the 
35 print head is formed by a process in which a wire or 



Disclosure of the Invention 



The present invention overcomes the above- 



In a further aspect of the invention, a linear 



In a further aspect of the invention, the linear 
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plurality of wires are encapsulated into a single solid 
glass rod or block. The glass enqased wires are rigidly 
supported so that thinner wires providing better quality 
printing may be used. The stylus may be used to print in 

5 both directions of movement of the motor, may be posi- 
tioned vertically with respect to the paper to allow bi- 
directional printing and to avoid scratching the paper. 
The force of the wire is distributed over the larger 
bottom surface area of the glass encasement to prevent 

10 tearing of the paper by the wire. 

Brief Description of the Drawings 

FIGURE 1 of the drawings illustrates a pers- 
pective view of a facsimile machine in accordance with the 
present invention; 
15 FIGURE 2 illustrates a top plan view of the 

machine of FIGURE 1, partly in section; 

FIGURE 3 is a sectional view of the machine taken 
along directional arrows 3-3 of FIGURE 2; 

FIGURE 4 is a sectional view of the machine taken 
20 along directional arrows 4-4 of FIGURE 2; 

FIGURE 5 is a sectional view taken along di- 
rectional arrows 5-5 of FIGURE 2? 

FIGURE 5A is a sectional view taken along di- 
rectional arrows 5A-5A of FIGURE 5; 
25 FIGURE 6 is a sectional view taken along di- 

rectional arrows 6-6 of FIGURE 5; 

FIGURE 7 is a sectional view of the machine taken 
along directional arrows 7-7 of FIGURE 2; 

FIGURE 7A is a block diagram of the control 
30 system of the facsimile machine; 

FIGURE 8 is a diagram illustrating one possible 
arrangement of three lateral guide members and three 
corresponding coils for supporting and driving the linear 
motor of the facsimile machine of the present invention; 
35 FIGURE 9 is a diagram illustrating a second 
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example of an arrangement: of two lateral guide members 
and three colls for supporting and driving the llneGur 
motor of the facsimile machine of the present Invention; 

FIGURES 10-13 Illustrate a method of producing 
5 a print head for the facsimile machine - or other printer, 
and 

FIGURE 14 Is a sectional view, taken along di- 
rectional arrows 14-14 of FIGURE 13, of a print head formed 
from the methods Illustrated by FIGURES 10-13. 

10 Description of the Best Mode for 
Carrying out the Invention 

FIGURES 1-7A of the drawings Illustrate the pre- 
ferred embodiment of a facsimile machine in accordance 
with the present invention; FIGURES 8-9 illustrate a linear 

15 motor used to drive the print head of the facsimile 

machine; and FIGURES 10-14 Illustrate a method of zoanu- 
facturlng the print head used in the facsimile machine. 
As used herein, the facsimile machine may be a telecopier, 
a photocopier, or combination of both. For convenience, 

20 the following discussion of the drawings will be sub- 
divided into three separate sections entitled "Facsimile 
Machine", "Linear Motor" and "Print Head". 

Facsimile Machine 

The facsimile machine illustrated in FIGURES 
25 1-7A is an apparatus for reproducing written documents. 
As will be developed herein, the device can function as 
a telecopier to either transmit or receive data through 
conventional telephone equipment, or it may be used. as 
a standard office photocopier. The facsimile machine 
30 eliminates the need for synchronization of transmitting * 
and receiving units when it is used as a telecopier, and 
also provides simulaneous transmission of data and voice 
signals. Moreover, complicated timing systems for 

f ^ oim 
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scanning, printing and motor drive are eliminated by the 
machine. 

FIGURE 1 of the drawings illustrates a per- 
spective view of the preferred embodiment of the facsimile 

5 machine. A housing 2 includes two ports 4 for coupling 
the facsimile machine to a conventional telephone re- 
ceiver. A glass plate 6 on the top surface of the housing 
supports a document to be copied, which is placed face 
down on the glass. Beneath the glass are a plurality of 

10 parallel guide tubes or rods 8, extending laterally across 
the housing for supporting a block 10 which is slideably 
mounted on the guide rods or tiobes for lateral movement 
across the housing. As v/ill be disctissed in the section 
dealing specifically with the linear motor, a plxirality 

15 of interspersed magnetic and non-magnetic inserts are 

mounted in a predetermined pattern throughout the length 
of each guide rod or tube 8 for driving a linear motor 
mounted thereon. The block 10 includes a linear motor, 
a scan head, and a print head, each of which will be dis- 

20 cussed in greater detail below. 

The block 10 and guide rods 8 are positioned 
within two parallel sidewalls or partitions 13 that ex- 
tend in the direction of the guide rods. A film 15 ex- 
tending laterally across the housing and parallel to the 

25 guide rods is also enclosed within the partitions 13. 

The rods and film are supported by end blocks 21 perpen- 
dicular thereto, and the end blocks are supported by the 
partition sidewalls, as illustrated in FIGURE 2 and 3. 

The end of a sheet of paper 11 is shown extend- 

30 ing from one end of the housing 2 through a suitable slot 
in that housing. Preferably, the paper is a black or 
darkened material having an aluminum coated upper surface. 
As is known in the facsimile machine art, an electric 
voltage applied to the alxaminum coated surface of the 

35 paper, as for example, by a relatively thin electrical 

stylus in contact with the paper, will produce an electric 
arc. The arc melts a small portion of the aluminxam surface 
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to expose a corresponding portion of the black paper there- 
under* The result is that a black dot appears. These 
black dots provide a copy of the written dociament to be 
reproduced. 

5 Ttirning now to FIGURE 2 of the drawings, it can 

be seen that the guide rods 8, the slideable block 10, and 
the film 15, are mounted in a generally rectangular frame 
designated by the reference nimieral 12 including the two 
spaced, parallel sidewalls or partitions 13 shown in 

10 FIGURE 1. As noted above, the block 10 is laterally movable 
on the guide rods between the sides of the housing 2. A 
conveyor system is provided to move the frame 12 longi- 
tudinally across the housing 2 beneath the glass cover 6. 

The conveyor system includes two toothed side 

15 belts 14. The belts are driven by a stepping motor 16 
positioned at the rear of the housing 2, and are also 
coupled around a lateral guide shaft 18 at the front of 
the housing. A gear drive system may be coupled to the 
motor 16. Two clamps 20 on each belt connect the ends of 

20 the frame 12 to the belts 14 so that the frame is longi- 
tudinally movable across the housing, at least for the 
length of the glass plate 6. As illustrated in FIGURES 
3 and 7, lateral guides or spacerts 62 are provided to 
separate the ends of the frame 12 from the inner sides of 

25 the housing 2 when the frame is moved within the housing. 
The frame 12 rides on wheels attached to the end blocks 
21. The wheels ride on a track mounted to sides of the 
housing. 

Accordingly, when the frame 12 is stationary 
30 and the block 10 is moved laterally along the guide rods 
8, a print head mounted to the lower portion of the block 
10 engages the paper 11 thereunder to print a line of 
information. When the line is completed, the frame 12 is 
advanced a predetermined distance to the right in FIGURE' 2 
35 by the conveyor system, and the block 10 continues moving 
laterally to print another line. 
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As noted above, the laterally moving block 10 
is driven by a linear motor and includes an electric print 
head mounted beneath the motor and a scan head mounted 
above the motor. The motor, print head and scan head 
5 will be discussed in greater detail below. However, 

FIGURE 2 does generally illustrate an electrical connector 
22 movable with the block 10, and an attached electrical 
cable 24, for powering the linear motor, print head, and 
scan head. 

10 FIGURE 2 further illustrates bumpers or shock 

absorbers 26 provided at the ends of the respective 
lateral guide rods 8 to cushion the impact of the block 
10, including the linear motor, against the ends of the 
frame 12. Each bumper is formed from a coil spring 28 

15 mounted around the end of a guide rod. One end of each 
spring is coupled to the adjacent end of the frame 12, 
while the other end is coupled to a stop 30 which, for 
example, may be a ring motinted around the respective 
guide rod. The stop may also be defined by integrally 

20 extending the spring itself. FIGURE 7 illustrates the 
shock absorbers in greater detail. 

The blocdc 10 will now be discussed in greater 
detail in connection with the following discussion of 
FIGURES 3, 4 and 5. Referring first to FIGURE 5, the 

25 block 10 carries a linear motor including three elec- 
trical coils 32, 34 and 36. Each coil is mounted through 
its central opening, on a different one of three g\iide 
rods 8. As will be discussed in detail in the section 
specifically describing the linear motor, means are 

30 provided to selectively energize and de-energize the 

three electrical coils to move the linear motor laterally 
along the guide rods. Although three coils mounted to 
three separate gviide rods are illustrated in the drawings, 
different numbers of coils and guide rods are equally 

35 feasible. Moreover, several coils can be moiinted on the 
same g\iide rod, so that the number of coils does not 
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necessarily have to correspond to the nxamber of g\iide 
rods • 

A scan head, shown generally as reference 



numeral 38, is mounted to the top of the linear motor • 
5 The scan head includes two light sources 40 mounted on a 
supporting block 41. The light sources direct light at 
an angle towards the lower surface of the glass plate 6. 
A generally cylindrical aperture 42 in the block 41, is 
disposed between the two light sources 40. A plurality 
10 of photodetectors , preferably phototransistors 49 

(FIGURE 5A) are mounted under a window 51 in the end of 
cylindrical can 45 seated within aperture 42. A lens 43, 
mounted atop the apeirture 42, focuses light from the 
sources 40, which is reflected back towairds the scan head 
15 by information on a document on the glass cover 6 , to 

the phototreinsistors 49 in the cylindrical can 45. Elec** 
trical leads (not shown) transmit signals generated by 
the phototransistors in response to the reflected light » 
Spacers 44 are disposed between the top surface of the 
20 scan head and the lower surface of the glass 6 to provide 
separation between these elements when the scan head 
moves relative to the glass when driven by the linear 
motor. Springs 46 act on the lower surface of the block 
41 to maintain the spacers at the top of the scan head 
25 flush against the glass 6. 



numeral 48, is attached to the lower portion of the 
linear motor and extends below it. Electrical wires 50 
connect the print head to a power supply for electrical 

3Q energization thereof. The print head itself includes 
an upper supporting member 52 fixedly mounted to the 
lower portion of the block 10, and a lower electrical 
stylus 54 removably mounted within the upper supporting 
member. As will be discussed in the section specifically 

35 describing the print head, the stylus includes a plurality 
of electrically conductive wires , the ends of these wires 
engaging the printing surface of the aluminum coated 



A print head, shown generally by the reference 



— : 
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paper 11. When the print head is energized, information 
is printed on the paper 11. For example/ the alxaminized 
paper 11 may be groimded, and a voltage may be applied 
to the paper through the stylus wires, thereby causing an 

5 electrical arc and printing a dot, as was previously dis- 
cussed. In the alternative, a voltage may be applied to 
the aluminized printing surface, and the stylus may be 
selectively grounded thereby causing an electrical arc 
and printing a dot. In either case, actuation of the stylus 

10 causes the printing of a dot corresponding to information 
on docimients to be reproduced. 

The film 15 extending laterally across the 
housing 2 (see FIGURE 1) is illustrated in FIGURE 5. As 
shown, two light sources 56 are disposed on one side of 

15 the film, while two corresponding light detectors are dis- 
posed in alignment with the light sources on the op- 
posite side of the film 15. The light sources 56 and the 
corresponding light detectors 58 are movable with the 
linear motor, print head, and scan head on the block 10, 

20 while the film 15 is moxinted stationary in the housing 
2, as illustrated in FIGURE 1. 

The sources 56, the detectors 58 and the film 
15 comprise a timing fence, as will be discussed below, 
for controlling the spacing of printing on the paper 11, 

25 for controllii^ the positions at which the scan head 

reads a document to be copied from the glass 6, and for 
controlling the actuation of the linear motor. The film 
15 includes a clear sheet of material having a plurality 
of tick marks or darkened spots applied at predetermined 

30 spaced intervals along the length of the film. Pre- 
ferably, each mark is spaced .014 inch apart from the 
next mark, and two sets of marks offset from each other 
by 90° are provided on the film, as illustrated by 
FIGURE 6. The marking pattern shown in FIGURE 6 is known 

35 in the art as QUADRATURE. A second strip of film 15A is 
attached to the light soxirces and is movable with the 
block 10 so that motion is detected by the moire effect. 
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FIGURE 7 illustrates in greater detail the lateral 
spacers shown generally as reference nmneral 62 in FIGURE 3 
and the shock absorbers 26, previously discussed with 
respect to FIGURE 2, The spacers include a spacing element 

5 or lateral guide 62 affixed to the end blocks 21 of the 
frame 12. As the frame 12 is moved within the housing 2, 
the lateral guide 62 moves along an end 66 of the 
housing 2. The spacers assure at least a predetermined 
clearance between the frame end blocks 21 and the housing 

io end 66 to facilitate movement of the frame relative to 
the housing as discussed with respect to FIGURE 2. FIGURE 
7 also illustrates a gear wheel 64 which engages the 
toothed side belts 14 for moving the frame 12 relative to 
the ends 66 of the machine hox2sing 2. As discussed above, 

15 the wheels on the end blocks 21 engage tracks defined on 
the sides 66 of the housing 2 to provide the relative move- 
ment. 

In operation of the facsimile machine, the linear 
motor is energized to drive the block 10 along the lateral 

20 guide rods 8. (The operation of the linear motor itself 
will be discussed separately below.) The light sources 
on the scan head are directed towards a document on the 
upper glass cover to be reproduced. Information on the 
document reflects the light through the lens 43 towards 

25 the photo trans is tors in the scan head, and the phototransis- 
tors generate an information signal. Each phototransistor 
monitors a different area in the field of view of the 
portion of the document being scanned. As the linear 
motor traverses the lateral guide rods 8, the light sources 

30 and photode tec tors 56 and 58 of the timing fence (FIGURE 5) 
move, along the stationary film 15. As the sources pass 
the darkened spots or tick marks on the film, the light 
from the source is not sensed by its respective detector. 
A corresponding signal is generated by the timing fence. 

35 The signals generated by the detection of infor- 

mation and by the tdLming fence, as described above, are 
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transmitted to a memory storage device as shown in FIGURE 
7A, In the preferred embodiment of the invention, the 
memory is provided by a microcomputer. The infoantiation 
signals generated by the phototransistors 49 are trans- 

5 mitted to the memory storage device by phototransistor 
electrical leads. 

FIGURE 7A is a block diagram illxistrating the 
control circuitry of the facsimile machine discussed herein. 
As discussed above, the tick marks on the film 15 are 

10 spaced apart from each other by a predetermined distance. 
A signal generated by the timing fence (when its sources 
and detectors pass a tick mark on the film 15) is trans- 
mitted to a memory storage device, which samples a signal 
from the scan head. The scan head is energized and scans 

15 the information on a document (on glass 6) within its 
field of view. The information is transmitted back to 
the memory storage with appropriate signals for indicating 
the beginning and end of each line of information scanned. 
A signal from the timing fence to the memory 

20 storage also generates a second signal from the memory 
storage device to the print head, resulting in the print- 
ing of information previously read by the scan head and 
already stored in the memory. Because signals from the 
timing fence are only generated at predetermined intervals, 

25 information printed by the print head will be spaced apart 
a distance corresponding to the predetermined intervals. 

A third signal is transmitted from the memory 
storage to the linear motor when the memory storage re- 
ceives a signal from the timing fence. This third signal 

30 is used to drive the motor, as will be more fully discussed 
in the section describing the motor. 

The memory storage is also coupled to the step- 
ping motor 16 (FIGURE 2) to control the movement of the 
carriage assembly relative to the printing surface to 

35 assure that the print head only prints information within 
a predetermined vertical range (Y axis) on the printing 
surface. 
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Accordingly, the timing fence assures that the 



scan head will scan information at predetermined distance 
intervals r that the printer will print information spaced 
apart at predetermined distance intervals , and that com- 

5 ponents of the linear motor will be activated or deactivated 
only at predetermined positions on the guide rods sup- 
porting the motor • The timing fence continually monitors 
the position of the motor relative to the guide rods, 
and transmits this information to the memory. 

ro It is apparent that the use of the timing fence 

eliminates the need for a complex timing system, dependent 
on the speed of the linear motor. That is, the scanning 
and printing operations are dependent only on the position 
of the linear motor as detected by the timing fence, and 

15 are not dependent on the speed of that motor. To the 

contrary, a system dependent on motor speed requires com- 
plex means for compensating for variations in motor speed. 



also be used as a receiver or transmitter for a telecopier 
20 machine in addition to its use as a photocopier as de- 
scribed above. When transmitting information, a dociiment 
is scanned, as discussed above, and information is trans- 



subsequently provided to a transmitter for transmission 
25 over telephone lines. Although not necessaary, if it is 
desired, the transmitted information may also be printed 
at the transmitting unit in the manner described above. 



information from a remote transmitter when the facsimile 
30 machine is operating as a telecopier receiver. Information 
received at the receiver is transmitted to the memory 
storage device, and thereafter printed as described above. 
When in use as a telecopier receiver, the scanning oper- 
ation of the facsimile machine is unnecessairy • 
35 Accordingly, the present facsimile machine is a 

imilti- purpose apparatus which can be used selectively as 



The facsimile machine of the present invention may 



mitted to the memory storage. However, the information is 



A receiver is provided for receiving transmitted 
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a photocopier of doctiments, a telecopier machine trans- 
mitter, or a telecopier machine receiver. When used as a 
telecopier machine, the device advantageously eliminates 
the need for mechanical synchronization between transmitting 

5 and receiving units. As a receiver, the machine stores 
received information in a memory storage. The information 
can be printed thereafter. There is no need to print the 
information simultaneously as it is received, as is done 
in many known telecopier machines. Likewise, information 

10 to be transmitted is first stored in the memory storage 
device. It may thereafter be transmitted to a remote re- 
ceiver. However, there is no requirement that the infor- 
mation be transmitted simultaneously with the scanning of 
a docioment to be copied. 

]_5 The present invention further contemplates a 

method of simultaneous voice and data transmission when 
the facsimile machine is used as a telecopier machine. A 
standard telephone line provides a frequency range of 
50-3000 Hz. By transmitting all data information in a 

20 band range of 2000-3000 Hz, while transmitting all voice 
signals in a band range of 50-1900 Hz, simultaneous data 
and voice transmissions over the same telephone line is 
possible. Conventional filters may be used to assure 
that the data and voice signals are within their separate 

25 bands. The use of simultaneous voice and data transmission 
provides a significant convenience to the user. 

In summary, the facsimile machine of the present 
invention provides a multi-purpose apparatus which may be 
used, at the selection of the user, as a photocopier, or 

30 a telecopier receiver or transmitter. The apparatus in- 
cludes means for eliminating the need to synchronize 
telecopier receivers and transmitters, and further provides 
simultaneous voice and data transmission. Moreover, a 
photoelectric system dependent on the position of a motor, 

35 and independent of motor speed, assures that the machine 
will scan at predetermined locations within the machine and 
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all printed information will be printed at predetermined 
intervals , regardless of motor speed. 

Linear Motor 

The operation of the linear motor of the-present 

5 invention will now be discussed with reference to FIGURES 
8 and 9 of the drawings. As discussed above, the linear 
motor may be used to drive the print head of the facsimile 
machine in both directions of traverse across a printing 
surface. When used in this manner / the linear motor is 

10 supported by guide members 8, shown in FIGURES 1-7, which 
may be either rods or tiibes. 

The linear motor, shown generally as part of 
block 10 in FIGURES 1, 3 and 4, includes a plurality of 
electrical coils 32, 34 and 36 mounted on bobbins in a 

15 motor housing. Preferably, the bobbins are attached to 
the housing with steel brackets. The housing itself is 
mooanted on the plurality of lateral gtiide rods or tubes 
8 above a "printing surface and extending in the same 
direction as that surface. The housing is supported by 

20 the bobbins riding on the rods or tubes 8. A print head 
52 (FIGURES 4 and 5) mounted under the linear motor is 
driven by the motor laterally along the guide members 8 
so that the printing stylus 54 of the print head contacts 
the printing surface 11. 

25 FIGURE 8 diagrammatical ly illustrates the arrange- 

ment of the guide members and coils of the motor used in 
the embodiment of the invention discussed in FIGURES 1-7. 
The motor housing is mounted on three guide rods 8 such 
that each of three electrical coils 32, 34 and 36 is 

30 positioned on a different one of the guide rods. 

Magnetic material or inserts 68 and non-magnetic 
spacers 70 are mounted to the guide rods or tubes 8 
throughout their entire length. The magnetic inserts may 
be, for example, iron slugs while the spacers may be 
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aliaminum slugs. Means are provided to selectively elec- 
trically energize and de-energize the individual coils 
mounted to the guide members 8, thereby providing a mag- 
netic interaction between an energized coil and one of 

5 the magnetic areas on the guide member supporting the 

respective coil. Actuating an electrical coil as the coil 
approaches a magnetic area or strip on its guide member 
will result in a magnetic attraction advancing the coil 
towards the center of the magnetic area. The electrical 

10 coil and magnetic insert act as a solenoid in reverse. 

Thereafter, that coil may be de-energized and another coil 
energized such that the other coil will advance , as a result 
of magnetic interaction, towards the center of the next 
forward magnetic area on its respective guide member. By 

15 selectively energizing and de-energizing the individual 
electrical coils in dependence upon their position rela- 
tive to the magnetic areas on the respective guide members, 
the motor housing (and the print head and scan head carried 
thereby) , are advanced laterally across the housing 2 

20 from one end of the guide members to the other. By re- 
versing the phase pattern applied to the coils, the motor 
can be returned to its initial starting position at the 
other end of the guide members 8. 

In effect, the coils of the linear motor and 

25 the magnetic inserts on the guide members act as solenoids 
in reverse. Preferably, the length of the magnetic areas 
defined on the guide members will be two times the active 
lengths of the coil mounted to the respective guide meinber. 
Also, it is preferable that the length of the non-magnetic 

30 areas be slightly less than the length of the motor 

housing so that at least one coil will be adjacent to a 
magnetic area at any point along the guide member. By 
conforming the length of the non-magnetic spacers to the 
above requirement, start-up of the motor is guaranteed at 

35 any position on the lateral guide members . 

Energization and de-energization of the coils 
may be accomplished by use of any of several conventional 
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means. For exanqple, a photodeiiectilon system can be used 
to provide signals to actuate or deactuate coils as they 
traverse certain predetermined positions on the guide 
members. In the alternative, a computer may be programmed 

5 to actuate and deactuate the coils at the proper respective 
locations on the guide members. 

When the linear motor is used to drive the print 
head' and scan head of the facsimile machine . described 
herein, the selective energization and de- energization of 

10 the- coils 32, 34 and 36 necessary to drive the coils 

across the lateral guide members 8 may be provided by the 
microcomputer device shown in FIGURE 7A. As discussed 
above, signals from the timing fence transmitted to the 
microcoit5)uter device indicate the position of the linear 

15 motor relative to the guide members . The memory may be 

programmed to provide signals for actuating and deactuating 
the proper coils at the proper positions on the guide 
members to provide the necessary linear motion. 

FIGURE 9 illustrates a second possible arrange- 

20 ment of the linear motor incorporating two guide members 

8 and three coils, 32, 34 and 36, two of which are mounted 
apart from each other on the same guide member. As dis- 
cussed above, the motor linearly traverses the guide 
members by selectively energizing and de-energizing the 

25 individual coils depending on their respective positions 
relative to the magnetic areas of their respective guide 
members • 

It is apparent that the linear motor described 
above includes only a minimal amount of moving parts , 
30 does not require permanent magnets, and thus can be pro- 
duced inexpensively. The guide members serve a dual 
function, both supporting and guiding the motor, and also 
driving the motor. The motor is efficient and converts 
electric energy into trans lational motion via a magnetic 
35 interaction. 

The arrangements of the linear motor illustrated 
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in FIGURES 8 and 9 are illustrative only since niomerous 
other variations and arrangements using the basic princi- 
ples described heresin are possible. Moreover the linear 
motor may be used in addition to driving the print head 

5 and scan head of the facsimile machine described herein, 
in a wide variety of applications such as with standard 
printers, photocopiers, typewriters and other apparatus 
in which linear motors are required. That is, the linear 
motor is not limited to use in the specific facsimile 

10 machine described herein. 



Print Head 



FIGURES 10-14 illustrate a method of manufacturing 
a print head of the type used in the facsimile machine of 
the present invention. The print head is also suitable for 
15 various other printing operations not necessarily connected 
with the facsimile machine. As already discussed herein, 
electrical energization of the print head melts a portion 
of an alxminum coating on a printing surface to expose or 
print a dot. 

20' As illustrated in FIGURE 10 , three thin elec- 

trically conductive wires 72, 74 and 76, are stretched 
tightly across a jig or rack generally designated by re- 
ference niameral 78. One end of each of the three wires is 
clamped to the jig, while a weight 80 is attached to the 

25 other ends of the wires extending beyond the jig. The 
weight keeps the wires stretched tightly across the jig. 
Preferably, the wires are each formed from tungsten and 
are each approximately in the range of 2-10 mils in dia- 
meter, preferably about 5 mils. 

30 A first hollow glass cylinder or tube 82 in- 

cludes three smaller hollow glass cylinders or capillary 
txabes 84, 86 and 88 removably received therein. Each of 
the three wires 72, 74 and 76 is threaded through a dif- 
ferent one of the smaller glass tubes , and the larger 
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cylinder 82 is slid over the three smaller tubes before 
the weight 80 is attached to the wire ends. The three 
smaller tubes initially are slideable along their res- 
pective wires , and the larger and smaller tiibes are posi- 
5 tioned towards one end of the jig as shown in FIGURE 10, 
The exposed portions of the wires 12, 74 and 76 are then 
annealed and oxidized by continuously heating them with 
a torch 90. 

Once the wires have been annealed, each smaller 

10 tube 84, 86 and 88 is slid out of the larger tube 82 and 
positioned on the exposed portion of its respective wire, 
as illustrated in FIGURE 11. The smaller tubes are then 
individually heat fused by the torch 90 to the respective, 
wires. Thereafter, as shown in FIGURE 12, the larger glass 

15 tube 82 is slid along the three wires and over the three 
smaller tubes, each of which already has been fused to a 
different one of wires 72, 74 and 76. The larger tube 82 
is then itself heat fused to the outer surfaces of the 
smaller tubes by the torch 90. 

20 The weight 80 attached to the ends of the three 

wires 72, 74 and 76 is removed, while the other ends of 
the wires are undamped from the jig 78. Thereafter, the 
fused tube is cut or sawed in half at its approximate 
longitudinal center by a saw 92 as illustrated in FIGURE 

25 13, and the cut end surfaces of that tube are polished. 

FIGURE 14 is a sectional view through one of 
the cut halves of the larger glass t\ibe 82. Each half 
includes the three smaller txibes 84, 86 and 88 embedded 
or encapsulated in the larger ti3be 82. The individual 

30 wires 72, 74 and 76 are themselves each encapsulated in 
a different one of their respective smaller tubes . 

The process described above results in the pro- 
duction of two separate encapsulated, solid rod or block 
print heads since each half of the cut larger tube 82 

35 can be used as a print head. The ends of the wires ex- 
tending from the far ends of each cut half (FIGURE 13) 
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may be coupled to a suitable electric source, while the 
wire ends terminating at the cut surfaces contact a 
printing surface to print infoirmation thereon. 

When the print head is used with the facsimile 

5 machine illustrated in FIGURES 1-7A, the wires extending 
from the far ends of the encapsulated block are coupled 
to the microcoii?)Uter of FIGURE 7A. The computer controls 
the energization of each wire to control the printing of 
dots on printing stirface 11. Each wire of the stylus 

10 corresponds to the field of view scanned by one photo- 
transistor 49. Printing of dots by the stylus of the 
print head is controlled by the microcomputer device in 
response to information signals received from the scan 
head, as already discussed. 

15 Preferably, the diameters of the smaller txibes 

are each about .01" and the diameter of the larger tube 
is about 0.1". In this manner, the surface area of the 
three 5 mil wire' ends is only approximately 15% of the 
sectional surface area of the entire encapsulated print 

20 head. Although the print head produced from the process 
described above includes three wires, a print head having 
any number of wires may be formed similarly from the same 
procedure . 

The encapsulated, solid block print head, as 
25 illustrated in FIGURES 13 and 14, incorporates several 

advantages over known print heads which generally use free- 
standing wires. By encapsulating the wires of the print 
head, these wires are reinforced and strengthened. Ac- 
cordingly, the wires may be formed from very small dia- 
30 meter, fine conductive material such as 5 mil diameter 
tungsten, thereby providing finer resolution of the 
printed information. To the contrary, free-standing 
wires must be self-supporting and thereby are formed 
from relatively thick, durable conductors. Increasing the 
35 thickness of the wires correspondingly decreases the fine- 
ness of the resolution of the printed information. 

Further, by encapsulating the wires of the print 
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head, wear and -bear on tiie wires is decreased, -thereby ex- 
tending the useful life of the print head. 

Moreover, the end of the print head may be sxab- 
stantially perpendicular to the printing surface, which is 

5 not possible with a free-standing wire. A free-stcoiding 
wire tends to be bent or angled at the end of the wire 
contacting the printing surface. Therefore, print heads 
including free-standing wires generally print only in one 
direction of movement; namely, in the direction of the 

10 bend at the end of the wire. Such print heads are removed 
from contact with the printing surface on the return to 
its starting position because printing against the bend 
in the wire might cause the wire to tear the printing sur- 
face. However, by encapsulating the wire in a supporting 

15 structure with only a relatively small portion of the wire 
end extending from the printing end of the print head, the 
print head and wire may be maintained substantially per- 
pendicular to the printing surface without any resultant 
bending of the wire. Therefore, the print head may' be used 

20 to print in both directions, without damaging the printing 
surface. 

As prisviously mentioned, the surface area of the 
encapsulated wire ends is only a relatively small percent- 
age of the total cross- secitonal area of the laraer txibe 82 

25 (FIGURE 14). Therefore, any force exerted on the print 
head to maintain it in contact with the printing surface 
is not applied only to the wires, but distribution of the 
force over the cross-sectional area of the larger tube 
reduces the stress on the wires , thereby increasing their 

30 useful life. To the contrary, in a print head formed from 
free-standing wires, all of the force on the print head is 
applied to only the wires , thereby keeping the wires under 
continual stress. This stress reduces the useful life of 
the wires. Moreover, free-standing wire heads leave 

35 scratch marks on paper due to the high pressure at the 

point of contact between the paper and the wire. Encapsu- 
lated wires do not scratch the paper. 
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Al though in the above discussion of the print 
head and stylus the larger and smaller encapsulating ttibes 
are formed from glass , any other non-electrically con- 
ductive material may also be used for the tubes. However, 
5 glass is preferable due to its hardness and long life. 

Although the method described above utilizes the 
same number of smaller encapsulating tubes as the number 
of wires / it is possible to use two less tubes than wires. 
For example, only the central wire 74 of FIGURES 10-14 
10 need be encapsulated by a non-conductive tube 86 in order 
to electrically insulate each of the wires 12, 74 and 76 
from each other. 

T'Thile the method of forming the print head dis- 
cussed above is preferred, the encapsulated print head may 
15 be formed in other ways. For example, ribbons of tungsten 
may be placed on flat sheets of glass or other non-con- 
ductive supporting material and fused or glued thereto. 
Also, glass or plastic may be injection or blow molded 
around tungsten wires to form an encapsulated print head. 
20 In summary, the encapsulated, . solid block print 

head (FIGURE 14) formed from the method illustrated in 
FIGURES 10-13 advantageously increases the useful life of 
the printing wires, enables the print head to print in 
both directions of traverse, allows the use of relatively 
25 small diameter wires to increase the fineness of the re- 
solution of the printed information, and does not scratch 
the printing surface. The print head described herein is 
useful in many different types of printing applications, 
as for example, in the facsimile machine discussed above, 
30 or computer terminal printers, medical instruments, chart 
recorders, X-Y recorders, ticket printers, and similar 
electrostatic printing operations. 
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CLAIMS 

1. An apparatus for duplicating printed infor- 
mation including: 

means for generating signals corresponding to 
5 information to be duplicated / 

storage means for storing said signals corres- 
ponding to said information to be duplicated, and 

a printer operatively associated with said 
storage means for printing said information after a pre- 
10 determined time delay* 

2. The apparatus as claimed in claim 1 wherein 
said means for generating said signals includes photo- 
electric means having a source of light directed at said 
printed information to be duplicated, and photodetector 

15 means operatively associated with said light soxirce for 
detecting reflected light beams and providing an electric 
signal corresponding to said information to be duplicated. 

3. The apparatus as claimed in claims 1 or 2 
further including a linear motor for driving said printer 

20 and said photoelectric means. 

4. The apparatus as claimed in claim 3 in- 
cluding means for sensing the position of said linear 
motor, said means for sensing being operatively associated 
with said storage means for actuating said printer and 

25 said photoelectric means at predetermined positions of 
said linear motor- 

5. The apparatus as claimed in claim 4 further 
including means in said memory for driving said linear 
motor operatively associated with said means for sensing 

30 the position of said linear tnotor. 

6. The apparatus as claimed in claim 1 further 
including a receiver adapted to be coupled at its input to 
a telephone line for receiving information from said 
telephone line, said receiver being coupled at its output 
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Claim 6 (continued ) 

to said storage means for transmitting information re- 
ceived by said receiver to said storage means. 

7. The apparatus as claimed in claim 6 further 
5 including a transmitter having its input coupled to said 

storage means for transmitting infoarmation in said 
storage means to said transmitter, said transmitter being 
• adapted to be coupled at its output to said telephone line 
for transmitting said information in said storage means 
10 through said telephone line. 

8. In an apparatus for receiving or transmit- 
ting information copied from a printed dociiment through a 
telephone line, said apparatus including a receiver having 
its input adapted to be coupled to said telephone line, 

15 and a printer operatively associated with said receiver 
for printing received information, 

the improvement comprising: 

a memory for storage of data corresponding to 
transmitted or received information, 
20 said memoiry being coupled at its input to the 

output of said receiver, 

said information received by said receiver being 
transmitted to said memoiry for storage, 

said memory being coupled to said printer for 
25 printing said stored information after a predetermined 
time delay, 

whereby mechanical synchronization between said 
receiver and said printer may be eliminated. 

9. In an apparatus for receiving or transmitting 
30 information copied from a printed document through a tele- 
phone line, said apparatus including a transmitter having 
its output adapted to be coupled to said telephone line 
for transmitting data therethrough. 
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Claim 9 (continued ) 

tlie iiDprovemeni: comprising: 

a memory for storage of data corresponding to 
transmitted or received information, 
5 said memory being coupled at its output to the 

input of said transmitter/ 

said information to be transmitted being stored 
in said memory storage / 

and means for transmitting said stored in- 
10 formation to said transmitter after a predeteirmined time 
delay • 

10 • The apparatus as claimed in claims 8 or 9 

including: 

means for transmitting voice signals in a fre- 
15 quency band of 50-1900 Hz, and 

means for transmitting data signals in a fre- 
quency band of 2000-3000 Hz. 



11. The apparatus claimed in claim 10 including 
means for filtering voice signals outside the range of 
20 50-1900 Hz operatively associated with said means for 

transmitting voice signals , and means for filtering data 
signals outside the range of 2000-3000 Hz operatively 
associated with said means for transmitting data signals. 



12. A linear motor adapted to slide along at 
25 least one guide member, said linear motor comprising: 
a housing, 

at least one electrical coil mounted in said 

housing, 

means for selectively electrically energizing 
30 said at least one electrical coil, 

said housing being mounted to at least one guide 
member such that said electrical coil is adjacent to said 
guide member, said housing being adapted to slide along 
said at least one guide member, 
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Claim 12 (continued ) 

said at least one guide member having at least 
one portion formed from a magnetic material and at least 
one other portion formed from a non-magnetic material^ 

5 said at least one electrical coil and said at 

least one magnetic portion of said guide member being 
arranged so that magnetic interaction between said elec- 
trical coil when energized and said magnetic portion on 
said guide member causes said linear motor to advance 

10 along said guide member. 

13. The linear motor as claimed in claim 12 
further including: 

a plurality of said coils mounted in said 
housing and adjacent to said guide member, and 
15 means for selectively individually electrically 

energizing each of said plurality of coils. 

14. The linear motor as claimed in claim 12 
further including: 

a plurality of electrical coils mounted in said 

20 housing, 

each of said coils being mounted in said housing 
adjacent to a different one of said guide members, and 

means for selectively individually energizing 
each of said plurality of coils. 



25 



30 



15. The linear motor as claimed in claim 14 
wherein the ntimber of said plurality of guide members 
corresponds to the number of said plurality of coils 
mounted in said housing. 

16 . The linear motor as claimed in claim 12 
further including a plurality of magnetic and non- 
magnetic portions interspersed along the length of said 
guide member. 
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17 • The linear motor as claimed in claim 16 
wherein said magnetic portions are iron slugs mounted to 
said guide mexnber. 

18. The linear motor as claimed in claim 16 
5 wherein the non-magnetic portions are aluminum slugs 

disposed between adjacent magnetic portions on said guide 
member. 

19. The linear motor as claimed in claim 12 
wherein said guide member is a tube. 

10 20. The linear motor as claimed in claim 12 

wherein said guide member is a rod. 

21. In an electrostatic print head, said print 
head being of the type including at least one electrically 
conductive wire being adapted to engage a printing surface 

15 in intimate contact therewith for selectively generating 
an electric arc thereon, the improvement comprising: 

a first tubular casing formed from a non- 
conductive material, 

the length of said casing being less than the 
20 length of said electrically conductive wire, 

said electrically conductive wire being fused 
within said first casing and longitudinally extending 
therethrough such that said 'one end of said wire extends 
beyond one end of said first casing and said other end of 
25 said wire extends beyond the other end of said first 
casing, 

whereby said first casing both supports said 
wire received therein and provides an increased print head 
surface area for reducing the pressure applied directly 
30 to said wire. 

22. The print head as claimed in claim 21 
further including: 

a plurality of electrically conductive wires, 
a plurality of non- conductive tubes, the numb er 

WlPO , 
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Claiin 22 (continued ) 

of said tubes corresponding to at least two less than the 
number of said plurality of wires ^ 

each of said plurality of wires being fused 

5 within and extending longitudinally through a different 
one of said plurality of tubes, the length of each wire 
being greater than the length of the respective tube 
through which said wire extends such that each end of 
each wire extends beyond the corresponding end of the 

10 respective tube in which said wire is received, 

said first tubular casing being hollow and of 
sufficient width such that each of said plurality of 
tiabes can be received simultaneously within said first 
tubular casing, 

15 said plurality of tubes being received within 

said hollow portion of said first tubular casing and 
being fused to said first tubular casing to form an 
integral print head unit. 

23. The print head as claimed in claims 21 and 
20 22 wherein each of said electrically conductive wires is 

formed from tungsten. 

24. The print head as claimed in claims 21 or 
22 wherein each of said electrically conductive wires is 
in the range of 1-10 mils in diameter. 

25 25. The print head as claimed in claim 24 

wherein the diameter of said first tubular casing is 
1/10 inch. 

26. The print head as claimed in claims 21 or 
22 wherein said first tvibular casing is formed from glass 

30 for rigidly supporting said wire encapsulated therein. 

27. The print head as claimed in claim 22 
wherein each of said plurality of tubes is formed from 



OMPI 
/f,^ WIPO~ 



wo 85/01629 ^ 



-28- 



Claim 27 (continued ) 

glass for rigidly supporting said wires encapsulated 
therein. 



10 



5 




cutting said tube into at least two separate 
segments after it is heat fused to said wire. 

29. A method of producing a stylus for a print* 
head including the steps of: 



encapsulating each of said tensioned wires in a 
separate fusible ^ non- electrically conductive tube^ 

individually heat fusing each of said tensioned 
wires to its respective tiibe. 



larger diameter fusible, non- electrically conductive tube. 



25 two separate segments after it is heat fused to said 
plurality of separate heat fused tubes. 

30. The method of claim 28 wherein said tube 

is glass . 

31. The method of claim 29 wherein each of said 
30 separate tubes is glass. 

32. The method of claim 29 wherein said larger 
diameter tube is glass . 



15 



tensioning a plurality of wires. 



20 



encapsulating all of said fused tubes within a 



heat fusing all of said separate fused tubes to 
said larger diameter tiabe, and 

cutting said larger diameter tiibe into at least 
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33. A method of producing a stylus for a print 
head including the steps of: 



flat non- conductive supporting material ^ 
5 fusing or gluing said ribbons to said supporting 

material • 

34. A method of producing a stylus for a print 
head including the step of blow or injection molding a 
non- conductive material around an electrically conductive 
10 wire . 



placing ribbons of conductive material on a 
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